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INTRODUCTION

The purpose of this study is to find out the ability of the eye to see a darik object
against a sky background at night after the eye has been exposed to a flash of light, or a
sorias of flaches, In this study the paiiern {llustrated in Fig. 1 has been used to mesasure
the ability of the eye to see., Using his right eye only,the subject looks at the red fixation
point (A) and this brings the test object (B) to fall 3° to the right of the principal line of
sight. B is a disc having a brightness in most of the experiments equal to 00,0107 milli-
lambert and wnen such & surface is viewsd through a 2 mm, sartiticial pupil, as was the
~ane in the experiments to follow, the retinal illumination (0. 107 troland) is equivalent to
that produced by a moonlit aky. The biack baur eaienuing vortically seross the center of
the disc can be wvaried in width to measure the threshold of visibility. By this method it
is possible to measure the sensitivity of this part of the retina while keeping it exposed to
a constant background brightness.

If a flash of iight directly stimulstes that region of the retina which ie t~ be tested,
it wiil affect directly the adaptation of the photoreceptors in that region, and in order to
investigate the effect of such a direct exposure the following procedure was used. While
the eye fixated the point A, the disc-shaped area {B) had supsrimposed upon it & patch of
brightness of the same sise and shape &8 B and then, while ths eye continued (o fixate A,
recovery of the stimulated area of tho retina wes studisd by measuring the threshold width
of the black bar.,

The brightness and duration of these flashes have “en investigated, and also the ef-
fect of using a multiple number of flashes. An attempt has also baen mads to svaluate the
performance of the eyo 2! 1ower levels of background brightness tuau 0,01 millilambert,

Under thé conditions of this typs of expaciment, the exposure of the eye iv & flaah
patch not only impairs the capacity of the photoreceptors to respond to suhsequent stimu-
latica hut also produces a positive after-image. A complete undersianding of the effact of
s flash of light cannot be claimed until the role played by this ;czitive after-image is taken
into account., When the flash patch is exactly the same size and shape as the test patch,
it might be questionsd whether small eye movements which cause a fresh portion of the
retina to roceive & purtion of the image of the test patch might affect the results. Conse-
quently, éxploraiory sxpariments have been undertaken with much larger flosh petciss to
investigate the role played by this factor.

When the {lash patch falis in a different part of the field than the test patch, one of
the obvious ways i& which the test patch can affect tire gubsequent response of the aye to
the bar i{s for stray light from the flash patch to ¢over the region of the retina in which
the test patch fails. This adapts that region ¢f :is retina to a leve! of retinal illuminance
representsd by the stray light, If the effsct of a fiash patch which does not coincids with
or overiap the teat patcli can be accounted for in terms of atray light i{n the ey=, then the
eoffect of a given distrduticn ui light in a flash in the visual fisld could be evaluated withoul
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an empiricai invesiigation ol ail ihe poassitlc
brightness distributicna which might occur.
In order to explore thir possibility, flash
patchee at various distances from tho test
patch have been ussd; the effect of arca of
the test patch has also been investigated as
well as the effect of placing the flash patch
on the blind spot,

Ir ail of this work, the sizre of the
beam entaring the eye has been restricted by
artificis! pupils which are smaller than the
natural pupil, so that variations in the size
of the natural pupil have not influenced the
results, There are changes in pupil size
which occur as = result of a flash of light,
but it was decided to study these effects in
a separate investigation which will be de-
scribed in another raport.

APPARATUS AND PROCEDURE

A, Hoad Supports

The subject's head was supported by a
forehuad support and biting board which could
be adjusted to put the center of the enirance
pupil of the right eye at the point E, in Fig.
3, when this eye is fixating the red fixation
point at Aj. Sighting devices not shown in
the figure were used in making this adjust-
ment,

B, The Fixation Polat.

Light from the smsli bult 8; passes

through a red fllter and the pin-point aperture
reiiecied 80 as o striks the peripharal region

o
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Figure 2. Distributioa of the Light Illuminating the Tazget.

» then strikes the small mirror M; and is
the lens L1 in such a way that the {mage

of 21 is seen approximately 8° from the center of the lens L by the right eye of the ob-

server placed with {ts entrance pupil at the point E,

be controlled by a rheostat.

C. The Visual Acuily Measuring Device

Tus intensity of the fixation point can
The mirror image of Ay falls in the plane of the aperture Aj,

The vicual acuity target, T, is & ve:ticai bluck line on a piece of white cardboard,
which is {lluminsted by two line filament nources 85 ‘ae intensity of which can be varied by

a rheostat,

Considerable carn has been :2xercised in the design of the iorm of the sources

S3 and their positions with relation to the target in order to maintain uniform illumination

on the target,

The vertical line filaments of the two sources are long enough so tihat one

can assume :hat these sources are equivalent to two luminous lines indefinitely extended.
Consequently, onc can assume that the i{ilumination {s constant at points on any given vertt-

cal line across tue target.

Assuming that the two lumincus linss are indefinitely extended

the illuminance (I) in foot-candles at any given point P at a distance v from the perpendicu-
lar line through the center of the target is as foliows:
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where i represents tho distance between the two sources, t represents the perpendicu-

lar distance of each scurcs from the screen and C represents the candlepower per foot of
filament length, and where all distances in tho equation are expressed in fest., Fig. 2
shows the distribution of illuminance along the horizostel diameter of the disc when C = 1
candle per cot, whan a = 7 in. and t = 5.8 in. ‘'The target and two sources are all
mounted or. 2 trolley which moves along a track, which keeps the target centsred on tne
axis ZZ'. Light from this target passes through the aperture Ag above the mirror Mj to
the lens L3. - After passing through the lens L2 the light passes :“~ough the Porro prism
P; to be reflected by the semi-ailvered mirror M3. The Porro prism is also mounted on
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Pigure 8. M m a:.iu the Visual Aagle Subtended by the Bar ead

a trolley which moves along the axis ZZ' and
this movement is synchronized with that of the
target by a special driving mechanism described
below which is designed to keep the image of
the target formed by lens L, in the plade of the
aperture A3. The eye at E gees the image of
the target at opticsl infinity and magnified tc a
variable degree depending on the position of the
target. A vertical section of this system along
the line ZZ' {s {llustrated in Fig. ¢.

The angie subtended by ihe test object nt
the aperture Ag is equsl to the angle subtended
by the image of the target as seen by ths eye
at E since the isnses L, and L, have the same
focal length; since the d’(ntmco 3rom EtoLiis
equal to the focal length of Lj; and since the
distance from A3 to L3 is equal to ths focal
length of L3. This relation simplifies the com-
putation of the angular siza of the image of the
tar st the antrance pupil of the eye.

The driving mechanism designed to syn-
chronize the movement of the target and the
Porro prism is shown in Fig. 8. In this figure
the target M corresponds to the target T in Fig.
3. The sperture siop F corresponds to aper-
ture Ag, the Porro prism corresponds to the
Porro prism P), the field stop K corresponds
to the sperture A2, ithe mirror J corresponds
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to the mirror M3 and the lenses ] and lI correspond to L2 and I.;. The pulleys P4, Pg3,
Ps, Py, Pi3, P;jg. Py, P an2 Pjs are mounted cn axles which are fixed to the instru-
ment. Pulleys P2, Pg, Pg, and P4 are mounted cn axles fixed io the moving pulley unit.
Pulleys P)] and Fj3 are mounisd on exles which are fixed to the trolley carrying the Porro
prism. The position of the Forro prism {s controlled by means of two flexible cahles,
One of these cables wraps around Pjz and connects the point S, which ia ‘Ixed with re-
spect to the instrument, with the point R on the circular arum. The second cable wraps
around pulley P,, and connects the fixed point U with the point R on the circular drum.
The target M is connected to the flexible cable which ccnnects the point U with the point R.
The circular drum is mounted on 2 shaft which is geared to a crank controllad bty ke
operator. When this circular drum movea in a clockwise direction through an angled , it
takes up & certain amouni oi ihe Jlsxibl. cabls UR aud relesses the same amount of the
cable SR. The link which connactas tha accentric point A on the circular drum to the point
F on the moving pulley uni. moves the point B on the moving pullev unit through a distance
m from its starting point B'. The driving .nechanism is designed to keep the imsage M' of
the target M in the plane of the field stop K, but the compensation is not perfect and the
displacement (t) of M' from K is finite and found by means of the following equation:

2
e { _{t+ 2m + @), (3)
! T+ 2m - fa
where f = lccal longth of lsns I (3
and m = h {cos @ + Jl;%;)z- amzdl (4)

Defining magnification # 2¢ the ratio of the width of the image of the bar at M' tc the wiith
of the bar &t M,

, f t
’l car 8 =
x f+32m -m@a (8)

Fig. 8 shows the amount of displacement t of M' from X for various values of P

The field stop X limits the finld of view to a circular patch 8° in digirster. The
image of the target completely fiils this aperture and the dark vertical line through the cen-
ter of the target appears a2 & dark vertiza! bar through the center of the aperture stop
giving the appearance shown in Fig. 1. The angular width of this bar at the eye is given

by the following equation:

Visual angle subtended by the bar et the eye !n radians = ¥ (6)
x
whsre y repreosents the width of the black line on the target at M and x rcpressnts the dis-
tance of the target from the primary focal plane (F) of lens i which is aiso the aperiurs
stop. All of the data presented in this report except those dealing with low background
brightnesses were obtained with a black line 0.5 mm wide.

D. Flash Patch Exposure Devices.

There are three flash patch exposure devices, two of which will be described here and
ona later in connection with large flash patches.

Device No. 1, This devica provides for a flash patch of the same sire and position
as the test patch., Light from the ribbon filament source 83 in Fig. 8 is brought to a fo-
cus with the lenses Ls, Lg and L4 at the aperture A4 and after passing through the neutrai
dersity filters F, and F, iz ccllimated by the lens l.g, passes through th: sami-silvered
mirror Mz. the aperture A.;,. and is then brought to tocus at the center =7 ¢~ 2ntrunce
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Pupil o’ eye E by the lens Lj. The field stop Ay is also the field stop for the test patch,
and consequently the size of the flash patch is the same as taat of the test patch. The
brightneas of the test patch is controlled by means of neutral density fiiters (F') and Fj).
The aperture A4 is 1 mm in diameter and constitutes the aperture etop for the flash pltch
An image of the arerture is formed in the plane of the entrance pupil by the lenses Lg and
Lj. This image in the plane of the entrance pupil has the same size as the aperture stop
itsel(. The time of onset and duration of expusure ol the flash source is regulated by
means of a shutter device which is partly mechanical and partly electromagnetic. It pro-
vides exposure durations of 1, 3, 10, 30, 100, 300. 1,000 and 3,000 milliseconds and
longer were provided by ihe electromagnetic part of the shutter which cousists of a sole-
noid with two colls one of which opens the shutter and the second of which closas the shut-
tar. The colenoid coils are controlled by micro-awitches sctivated by cams driven by a
constant speed mntor. A single manual switch is pushed to turz on the light source Sg and
to start the motor which drives the cams. A second switch is pushed which, when the
timing mechanism (3 first ready after the swiich is pushed, gives cne complete exposure.

Exposures as short as and shorter
than 30 mililseconds are obtained by means
of a rotating sactored Aisc shown in Fig.7
which is synchronized with th timing me-
chanism controlling the electromagnetic
shutter. It rotates !0 times per second.
The electromagnetic shutter is set to giwe
an exposures of 100 millissconds and during
this interval the rotating sectored disc pro-
vides an exposure of 30, 10, 3, or 1 mil-
liseconids depending upon which of the cpen
sa:tors crosses the beam. Each of these
exnosures starts 80 milliseconds afier the
electromagnetic shutter opens. The axis
of the rotating disc can be swiveled around
a second axis parallel to itself so that
either one of the four open sectors can be
made to cioss the beam, < the entire
disc can be lifted out of the way of the
besta so that the electromagnetic shutter 1.0
alonea controis the exposure. CROSS SECTION

OF LIGHT BEAM

Device No, 3. This device provides

for a parigﬁunf flash patch which can be

presented to the eye when the eye is held -

in position for observing the teat patch, and gg::g? ?!ﬁf‘ &ﬁc it ?1-::-’3 s ‘% &
hence one can follow through with the pre- tater' 10 Fines Por Secend.
sentation of the flash patch and the meas-
uremaat of the effect of this flash upon the
visibility of the bar without changing the position of the head or the eye.

The mechanism for this device is more clearly illustrated in Fig. 8 which is a sec-

ticn view of pari of Fiz. 3 along the axis XX'. Light from the ribbon filament source S's
is focuwed by ihe lens L'y in the plane of the aperture stop A'y. After passing through the
diaphragm A'q the light passes sbove the mirror Mg, through the lens L's, the Porro grism
Po, the lens '1, then aiter reflection at the mirror Mg, it comes to a focus at the center

o the entrance pupil E of the observer's eye (Fig.3). The elements 8's, A'g, L's, L'g,

B'; and A'z sre mounied on an arm which rotates above the mirror Mg aroun

'. wh?ch is the image of E formed by the mirror Mg. This provides a means gor varying
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Pigure 8. Verticel Sectiem Shoving part ef the Apparetue ‘s Pigure 3.

the displacement of the cenier of the flash patch from the center of the test patch through
tts range from 8° fo 359, and siice this is in the horizcnizl meridian of the right eye,

it affords a unique way of studying the effect of light scattered within the eye including the
offect of iight striking the biind spot.

The aparture stop A'¢ is 2 mm in diameter and an image of this aperture of the same
size i{s formed by the lenses L'q and L', at the center of tha antrance pupil,

The apeirture A'g controls the size and shape of the periphersl flash patch. This is
circular and several aperiures were used providing diamecters subtending visual angles
ranging from 2.35° to G.35°. Tue electromagnetic shutter B' is identical in type with the
electromagretic shuttar By and its onset and duration of exposurs is controlled by the same
timing mechanism which provides exposures of 100, 305, 1,000 and 3.0t 9 m{iiseconds.

E. Procedure in Msasuring the Effect of a Flasa

Preiiminary to such a measurement it is necessary to adjust the headrest and the
biting board zo that when the subject puts his head in the instrument, the entrance pupil of
the right eye will fall at the proper point, The subject is dark adapted for 30 minutes in
a derk room and than hs puts his head in the instrument. His attention is directed to
the iixation point which he attempts to fixats steadily during the course of the experiment,
Time is allowed for the subject to become bright-adapted to the level of the test spot.
When the operator is ready to give the subject a flash he pushes first the switch that starts
the recordsr, then the switch that starts the timing mechanism and turns on the source
for the flash patch, and then ths switch that gives the exposure. As soon as the flash is
over, he throws the switch which stops the {iming mechanism and i{urns off the swurce for
the fiash patch and at the same tims marks a line on the record, as will be explained
later, which inaicates the cessation of tho flash. Starting with the minimum width, the
width of e bar is increased until it first becomes visible. This width is recorded » .er
which the width {s then decreased until the bar becomes invisible and then {s iLicreased
again until it becomes visible, the width again being recorded. This process is repeated
until the threshold width reaches a stahle level. The subject is then given a second ex-
posure of a flash involving a different brightness or duration and ths process of recording

the effect of the flash i{s repeated,

U immediateiy after the csssation of the flash the bar is not visible when it is in-
creassd ¢o s maximum sz, & {3 1ot at s meximum sles uwalll the aubject lirst repoits

it to be visible, and then the size is decreased until {t becomes invisible, then increased

oorth |y o

L

)

-

AP Vs SRR ) B4 BB oD DL it B 0t &0 SO G GBS D Sdiial e o8 oo b v e e

45N N Sl

&



RS -

RETINAL  ILLUMINANCE
A7 TV

1)) n‘gt’wcto 8Y FLABH (TROLANDS)
.- E—

LOG WIDTH OF BAR (MINUTES)

ST L. - O
3 L]
iTe. 441 1Te gl 1Ts 44y 1Te 44l IT2 4,410 || 1T+ 644100 !|*1T+44,000
3 o '. 1
3 ; ‘ o 4
d P h '. '. % ..
}z L% e Yo AR e o e
i \
4 L_ Q
w
[ 15 ¥
1Ts.0441 I1Te.481 I1Ted.ql iTeddl 170 44 iTea 810 (| LiTedap00| =
a2 4 .
4 z
| _ 4 Y. ) 5
3 ; ) . '.'. :
. v ™ 'r .\o‘.%"' :\Q "
[
J L °
o 3 I E
t 1Te 044l iITedd 1Teq.8 1Te a4 L 1Te 44| L I1Ts 4,410
s L :.‘ °'§
. "'
I rr DV | 8
-
17,0441 ITe AQ iTe 4 Al 1ITe 4. iTeaal
X 003
.'
Fo. ‘.\
o B
5t B @ 28 8 ® 36 b % 5 ¢ ®© 80 § © o

MINUTES APTER THE FLASH

FiG. 9A
RETURN OF VISUAL ACUITY TO NORMAL
FOLLOWING FLASHES OF VARIOUS

OURATIONS AND DBRIGHTENESSES  THAT
ARE COEXTENSIVE WITH The TESY
SPOY.

DATA FOR R H.

ceadall

- e ¢

§Tm e St ot e Bt e e 4 s GRS & b | Sl A o & B S R




i i U W rin i £ . S

]

v r

SIS YO I

RET'NAL ILLUMINANCE (1) PROOUCED BY FLASH (YROLANQ!)
14 U % S i) 2 re 200 —l

DURATION (T) OF FLASH (S€EC)

TTheeediw. W s it

AL v w a0 SpeBey  r

Ahiah- . . Gy

A e

Py

1 = . A
. ! s !
1Teaqr || iToam ITs aa iTe aql ITe4AI0 || 17244400 || 17441000
1 : »’:5 '. 3
[ g N IS 5
. / N SR RO
f > o i:"a- | ¥ s : | L
'1 iTe0aal || 1Te0@ ITea.41 ITs 44t ITe a 1Ts 4810 [ 1Te 44100
‘e L L
i . ‘ 3
l t T, .‘.
g b' Zaad tacd r"' | e
> L
s | | [
131 . '
< | 1704 ITe 440 iTeaas || 1Teas [ 172 4,410
[ ]
8 k 8 0
z : % A
S - 3 - v
: ( o "
= f
; SETIPPY ITeqal ITeadl [} 1Teqa
i [ . 0063
l '...| .'
; o Ny )
Tt R

ST %%
MINUTES AFTER THME FLASH

FiG. 98

DATA FOR M.A

1 i G i LS s

e




LOG WIOTH OF BAR (MINUTES)

RETINAL iLLUMINANCE (1) PRODUCED BY FLASK (TROLANULS)
L34 Le7 147 147 Lero 16,700 147,200
" . .
4 1Tesa 1Te 4.4 1Teq4) ITeadi 11 1TeaMi0 1T+44,4001| 17°441,004
d 4 1 . ]
R = :
4 < 3 . * -
, b, ey, Yor, ou W,
L
17,0441 ITe a8 ITe a4t 1Tea4; ITeddl [} 1Te4,810 |1 1Te€4,i00
} % pA
! ] .
P e fxes 7 s o
d , B 1 . 2
170.00441 170,044’ 175,430 1Tea.8i T 1Ted4l ITe 44l ITe S0
p
b ) §
. e 3 :
28 r b e P’ o' fotne .
i ITeonaa || 17v.naa 170 24 IToq iTedal ITe 44l
i
»
4
r » t AN -~
] 1 ' %Fl B l a’ ® » [) © [ X [} © [ ] L
MINUTES AFTER THE FLASH
F1G. 9C
DATA FPOR L. 2

-
FLASH

DURATION (T oOf

(SEQ)

o




24w wwrwend DR VA L\ o2 | PO

> A ooy

Pt

WIDTH OF BAR (MiN.)

LOG.

DURATION CF StFARATE FLASHES (SEC)

-~ 00! 0l CONTINUOUS
Z '3
£ 122,130,000 1s 213,000 121,300
10+ TROLANDS - TROLANDS b TROLANDS
z o]
a |
8 30 rLASHES| | 30 rLaswes| | coNTINvOUS
w %At 10 pen sea] |ar 10 Per sec| |° 3 sec.
(@] L. 'o EXPOIURE
= T =
o ) '
S M\.. _.“. »»
s )
& A41—54p STt bt
|
MINUTES AFTER THE FLASH
FIOURS 104
IR ST 12 M S S S e
(Sudiest L.2.)
DURATION OF SEPARATE FLASHES (SEC)
" .00i 0l CONTINUOUS
122,130,000 12213,000 te 24,300
2P TROLANDS L TROLAND'S Pﬁ TROLANDS
of 30 FLASHES [ 30 FLASHES | I° GONT!NUOUS
AT 10 PER SEC. AT 10 PER SEC ., 3 SEC.
° EXPOSURE
.8} o o
(-]
® Lf,cm" °
14 00g o s
V . %0 o :“ooo
. bo o° ° & Qooooo
o 2 €6 8 !0 O 2 4 6 8 VOV O 2 4 6 8 10
MINUTES AFTER THE FLASH
FICURE 0B

(Sublect P.H.)

@ivie e 2 e oS o

& ot b

ot i s D VR & s S b

can

280 b AL 48 RIS B




o e o o et

agein uniil it becomes visible; this is tha threshold size that is recorded, Trom this point
on, the procedure is i(lia same as in the case slready described.

F. The Recording Mechaaism.

The recording mechantsm {s illustrated in Fig. 3. The recording table with a piece
of paper mounted on it moves in the direction of the arrow at a consatant rate of § mm per
minute. Above the moving papor is a metal plate with a2 small hole D through which a
pencil point can be inserted to make a small circle vi ths record., This plate is attached
to a sliding metsl bar driven by the flexible cable which is heid tight by the weight and is
attached to the point E on the non-circular drum. This drum is mounted on the same
shart that drives the target M and the Porro prism which controls the angular size of the
bar as seen by the eye., This non-circuiar drum is designed so that the displacement «f
the hole D from its starting point D' is proportionz) to the logarithm of the angular width
of the image of the bar, A record of the positicn of the hole at any given moment can be
1aade by inserting a pencil and tracing around the adge of the hole, The csszation of u
flash can be indicatod by drawing a straight line along the straight edge which if extendad
wauld .pass through the center of the hole D,

The data for a 350-minute run can be recorded on a single sheet of paper. Hence
the recording table is set in motion prior to the first exposure of the flask patch in any !
given experimental rua and allewed to run for the full 50 minutes. 1f the session proves j
to be longer than this the operator takes time out tn change o a nev: shast of peper and
to reset the recordiig table for a new run,

The graphs presented in this report, showing the return of the threshold width of the )
bar to normal following exposure to a flash patch, are direct tracings of the records made !
in the manner described above, In each graph the time scale ard the scale representing
the logarithm of the widiii of the bar have simply been added to the trace of ths raw data.

Operations such as adjusting the shutter speed, changing the filters, changing the cize
of the bar and recording the data can all be csrried out in total darkness; conssquanily,
during the whols sxperiment the tield of view of the subject is kept in tctal darkness ex-
cept for the fixation point, the flash patch and the tes: patch. If an emergency makes it
necessary for the operator to have any light, a small fleshiight covered with 8 red filter
is used, and during the time that the light is on the sudject is asked to close his eyes,
The operator carefully avoids pointing the flashlight st the subject.

S ot o . il

SUBJECTS :

The data included in this report were oblained from three subjocts sll of whom were i
men, Subjects M.A. and L.Z, wore their corrections and subject P, H. did aot. The :
ages and corrections for tne different subjects are given in Table 1,

Tahle 1 ,

|

Sublects !

Bubject Age Correction (Right Eye) l

]

M. A, b{) +4,.78 -1.37x 8 i
Lo Z. 39 *o 26 - .50 X 10

P.H, é2 None
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Both authors of this report participated ac subjects in the nmumerous pilot =xperiments
which were cunducted during the parfecting of the apparatus and in the determination of the
limits which might be set to the variabies. Although ths ssalor asuthor 4.4 not participate
in the final experimerts, it may be claimed that the preliminary observations by him
stiowsd no trends which differed from those found for other subjects,

Results

A, The Effect of Var the Duration and Brightness of the Flash
tch n the Flash Patch 1s Coextensive with the Test Patch.

The results obtsined with flashes of various brightness and various durations for the
three subjects are vresented in Figs. 8A, B and C. The records for different durations
at the zame brightness level were obteined in a asingle experimentsl session for each sub-
ject. Records were obtained for exposures of i, 10, 100 and 1,000 milliseconds as well
as for 3, 30, 300 and 3,000 milliseconds, but these data have not been inciuded in the fig-
ures because of the convenience in analyzing the results afforded by having both ths bright-
ness variations and duration variations in log unit steps. The graphs arranged in diagonal
rows sloping from left to right represent constant exposure in the sense that the product
of brightness by time is constant. Without a more detsiled analysis of the results the con-
clusicn might be drawn that up to 3 sec reciprocitr holds between duraticu aad brighiness;
that is to say, the total exposure is the thing t-at determines the degree of impairment of

the ability to ses with <the parsfovea and ulso the time required for this ability to return
to normal,

B, The Effect of Repetitive Exposures of the Flash Source.

In order to demonstrate the validity of the principle of reciprocity in the case of in-
termittent exposure, expsriments involving a sequence of thirty flashes et a frequency o
ten per second were carried cut with two cbservers, The brightness and duration of the
separate flashes were varied but the total exposure, that is the product of brightness by
durstion by tha total number of flashes, was kest constant. The results are shows in Figs,
10A and 10B. It can be concluded from this experiment that the reciprocity principle still
holds with intermittent exposuras.

C. The Effect of Varying the Distasice of a Flash Patch from the Test Patch.

Fig. 11 represents the data cbtained from one of the subjects showing the effect of
varying ihe brightness and the amount of displacement of a fiash patch from the test patch,

On the assumption that the effect produced by a displaced flash patch results from
the stray light which produces a veiling illuminance over that region of the retina on which
the image of the test patch falls, one can determine from Fig. SA ths brightness of a flash
patch which is applisd tc the same area of the retina ss the test patch that produces the
same result as the displaced flash patch, This constituies a measure of the stray light
{or veiling illuminance) produced Ly the displaced flasn patch.

It can be noted in Fig, 11 that the elfect produced by a uvne-seccnd exposure of a
flash patch 8° from the test patch and producing a retinal illuminance of 107,000 trolands
is approximately the seme aa for ora 16° from the test patch and producing 426, 000 tro-
larids or one 33° from the test patcn aud producing 2,130, 000 trolands, Furthermors, es
can be observed in Fig. 0A this effect is equivalent to that produced by a one-second ex-
poaure of a flash patch superimpcsed on the test paich and producing a retinal illuminance
of 44,1 trolands.
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These facts are presenied graphically in Fig. 12, which shows the displacement und
re‘inal {lluminance of flash patches (3.5° in diameter} thst produce a veiling illuminance of
44. 1 trolands over the image of the test patch,

Moon and Spsncer, 1,2 on the basis of the data of Holhdays and Stiles?, have recom-
mended the use of the following equation for computing the veiling brightness /3v/) at one
part of the field of viaw produced by a patch of brightness (glare source) in a different

part of the field. y
By *k@-"E = k ® uBGwch (N

where x and n are conatants and ars squal 10 10 &ad 2 raspeciively. 2 i= the angle in de-
grees between the center of the test patch and the center of the flsch paich; E is the il-
iumination in the piane ol the pupil groduced by the glare source; w is the solid angle in
steradians subtended by the glare source, B is its brightness, and ~y is the angular de-
viation of the pupillary axis from the glare source, This equation does not hold for values

of g smaller than 29,

Since, in the case in hand, the beams of light from both the test patch and the flash
patch are restricted snd enter the eye without interference from the natural pupil, the term
cos ' which allows for the obliquity of plane of the matural! pupil may be dropped, Fur-
thermore, in computing retinal illumination (i} the term coaT{' may bs ignored in the case
of regtiricted beama eo that the equation,

X-Bncouv. (8)

where A is the area of the natural entrence pupil in sqQ ium, B the brightness in c/mz.
nndv the angular deviation of the pupillary axis from the patch of brightness, reduces to

I1-BA (%

where A represents the =rea (s mm) of the cross section of the entering beam at the cea-
ter of the entrance pupil.

Expressed in terms of retinal illuminance, Equation (7) becomes

Iy = xpu( _‘_‘_) (10)
en

where ly ie the veiling {lluminance produced by strey light covering the image of ths test
patch, Ip is the retinal illuminance in the image of flash patch, and W is the solil angle
subtended by the flash patch. As applied to the set of data in Fig, 12 the solid angle sub-
tended by the 3.:C flash patch is 0.00398 steradians and the value of Iy is constant at 44.1
trolands and hence, {f as assumed by Moon and Spencsr that k = 10 and n = 2, then

ip = _(44.1) @ .10 2 (11)
(10) (. 00358)

The straight line in Fig, 12 is a plat of this equation,

The sgreement with the actual data is not perfact, but is good enough to justify the
use of Equation (7) for computing tive effect of a displaccd flash patch upon the subsequent
visibility of a dark object against a night sky background,

In accordance with the basic idea that the effe :t produced by a displaced flash patch
is mediated by stray light in the eye, the effects of two or more separate flash patches
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may be considered ic be strictly ad-
dit've, and hence Equstion (10) may be /
used in doriving e genera) equation for . .
computing the stray light at any given L
point of the retins prcduced by any dis-
iribution of brightness in the field of
view,

Iy =k I: ‘:: £(0)B cos¥atn 0 dpde  (12)

PRODUCCO BY
T

(TROLANDS)

where f (8) = (57. 80)'2 when 0 is ex-
pressed in radians and is greater than
0,038, In this equation Iy is the veil-
ing illuminance at a given point P' on
the retina corresponding to a given di-
rection OM in the visusa! field, B {sths
brightness in any given direction OP
which makes an angle @ with OM and
has a meridioml displacement ¢ °~om .
the zero half-meridian through the axis

OM. ¥ i{s the displacement of the pu- /

pillary axis from OP, ¢and $2 repre- L L |
sont the limiting values of ¢ for a Y . T 3z (7Y
g:‘:‘ i d’ '::‘l"::‘fm :/’:f ‘°:, 'ﬁ‘“’h DISPLACEMENT () OF FLASH PATCH
the value of d for the largest zone at

one part of which the value of Y is still  rigere 13. Betinel Illwmissmes (1)) by & Mlash Pateh 3.5° i
not more than«/3. e Barad Roraired os Produce. ﬂ.ﬂﬁ:’xﬁ-ﬁ:::l&d. "eliads.

Equation 12 cannot be uased to de-
termine the coairibution which i3 made by the part of the field centered at P and extending
out 239, because the form of tha function f (8) {s not known for values of 9 less than 2°
Further study of this prchblem needs to be made. In applying this equation to ihe pioblem
at hand, allcwance must be made for the changes in pupil size that occur during and sub-
sequent to the flash,

ILLUMINANCE (1)

FLASH PATCH

100006 |-

RETIMAL

D. _The Effect of Varying ths Area of the Displaced Flash Patch,

Holiaday, BStlies and others have all rscognissd ths importance of the role pleyed by
stray light in evaluating the effect of a patch of brightnees in one part of the field of view
upon the ability to s=e in snother part of the field, but have not been willing to ignore com-
pletely the possibility that there may be soms interaction between the different parts of the
retina by way of nervous mechanisms. Moon and Spencer have also been cautious on this
point but have tentatively accepted the proposition that whatever mechanisms exist behave
as if ths whole effect were mediated by stray light, It ‘s iraportant, therefore, to demon-
strate by whatever methods posaible that the phenomena cdo behave as if mediaied by stray
light and whatever evidence, be it direct or indirect, that bears upcn thia noint ought to be
brougiht iorth to add confidence in the basic principle involved in ZTjuailons 7 and 32,

If the effect produced by a displaced flash patch is mediated by siray light, then the
effcct of varying the area of the patch shculd be completely akin to varying the brightusass
of the patch, In order to demounstrate the extent to which this relationship does hold, ex-
pariments hzve been carried out in which ths brightnesas and area of a displaced patch havu
bssn varied, The results of this sort of experiment for three subjects are prasented in
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Figs. 13A, 13B, and 13Z, In the case of subjects P.H., and L.Z., the area as well as
the brightness was varied inh log unit atepa; conseguwantly, d.agonal rows of graphs sloping
from left to right represent products of area and brightriese which are constant, In the
case of subject M, A,, diffe-ent sters were used in varying the area; consequently, the
analysis iz somewhat more difficult by casual inspection. J}f anything, the effect of varying
the area appears to be somewhat more effective than veryirg brighineses but the differernce
is probably not significant and it may be concluded that the effect of a displaced flash patch
is mediated by stray light or some equivalent mechanism,

E. The Effect of a Flash Patch which raiis in the B.ind 3gi.

in Figs. l4A and 14B a comparison is made, in the casa of two subjects, of results
obtained with flash patches that fall in the blind spot and to the right and left of the blind
spot, The flash natch to the left of the blind spot is of course closer to the test patch,
and consequently ine cifect is such mura pronounced than in the case of the flash patch on
ihe right, The i{mportant thing is that the effect produced by a flash patch falling in the
biind spot is intermediate between that produced by a flash patch on either side, at least
at the highe~ bLrightnese levels. This indicatec that little is added by having sn active
retina underneath the image of the flush patch, In other words, in this sort of phenomenon
the retins asts purely as a reflector,

With the heads of the subjects
mounted in the instrument, the blind FIXATION
spots were mapped cut with the subjects mu77
fixing the fixation point and wiiii the tar-
gets for mapping iiié Llind spot kept in /
the plane of the aperture A'y. In this
way it was possible {0 demonstrate di- .
rectly that the displaced flash patch fell vesy
within the blind spot when piaced 11°
from the center of the toolt patch in the
case of P.H, and 10 3/‘ in the case _.qp.-.-_'o LASH  PATONES

of L.2. The test patches in relation
to the blind spots are shown in Fig, 18,

F. The Effect of Using Flash Patches
Larger then the Test Patch
in general ono expacts ths adap-

tation of the eye to be e function of the
adaptation of photoreceéptors within the ":;::" o’ g
..

eye, and consequeatly if onc were to in- o ‘--ﬂ)
crease the diameter of the f'ssh patch % / | -Ll.' )

A. SUBJECT PN

from 8° to 16° or 3239, it would notts
expected that this incresse in area of L

the flash patch would affect the adap- ] ;
tation of that region of the retina which T { PATOM )

receives the imags ¢! the test patch ex-
£ept insofar as the total amount of the I LASH PATONES
stray light in the eye would be increased, -—-]l‘ e
The total increase in stray light {veil- 8. SUBJEST L.Z
ing brightness) at the center of the ' ’ P
flash patch reculting from an increase

Locotion ef the 0.35% 1.11° and 3.5% Plash Petchge With

of :ts diameier from 8° to 180 is equiv- [Figre 15. .
he Blind Fnich Were Used in Acquiring the in
alent to only i,3% of its brightness f-'?.::."f:.“ b i B
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and a further increace in area to 32° would further increase the amount of veiling bright-
ness only 0,4% of the brizhtness of the ‘lash pat

As a matter of fact, Wrtght"’ has already demonstrated that the adaptation at a given
part of the retina producad by direct exposure to a patch of brightness i{s not measurably
affocted by the area of the natch,

It appears to be worthwhile. however, for reasons already stated to demonstrate if
possible that this principle operates under the conditions of the preaem series of expori-
ments. Consequently, an experiment was devised in whici ihe avea of & flash patch con-

centric to the test patch was made 6°, 16° and 32° in diameter, respectively,

A specis] type of exposure dcvice was necessary for this phasze of the investigation,
This device, {llustrated in Fig. 18. .s ~cmpletely separate from the major instrument de-
scribed abcve (Fig, 38). It isx necessary, therefore, for the subject to bite the biting
board of the flesh patch exp.sure device (Fig. 16) in order to have the flash patch exposed
to him and then he switches to the biting board of the meajor instrument in order to observe
the teat natch,

The head is fixed in space by means of a
forehead board and a biting board so that the en-
trance pupil of the riyfht eye falls at the point E, @
The lenses L2 and L. constitute a Ramsden type
eye plsce which focunes an image of the aper-
ture A; in the plane of the en'‘rance pupil. P
is a boam sclitter. Behind the aperiure A s
a piece of milk glass and a 7.5 watt incandes- §
cent bulb, S1. The aperture A; constitutes an A
sperture stcy., Its image in the plane of the en- .
trance pupil of the eye is 2 mm in diameter,
The point of fixation is the aerial image at A4
of the small pin point aperture Az formed by the
lene L), This point of fixation is seen at an
angular distance of 5° from the center of the
aperturo A3. When the aperture A3 subtends a Ly
visuai angle less than 10°, it is necessary to
put a second small aperture in the same dia-
phragm at A4 in order to permit the image of

Ag to be soen at Aq. When A, subtends a largoer

visual angle than 10°, the second aperture is un- R Al /‘;1
necessary, Apertures at Az subtending visual il \Sy
angles of 8% 16° and 32° have been usei. The L

I)
»
»
-

duration of exposure was approximateiy 3 sac-
onds. The source S; was turned on and off by La
& microswitch activated by a revolving cam Z

driven by a constant: speed motor,

The procedure in cerrying out the experi-
ment was as follows., The forehead rests and
biting boards of the two instruments were ad-
justed so that the entrance pupil of the right eye
wou!d fall at the proper points. After 30 min-
utes of dark sdaptation, the subject hit ths bitin
board of the major instrument and fixated the ¢ p !‘.::.‘t. A"‘.;:m fee PrneoziayLavis Flask
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fixation point steadily.

nations and reccrdings of the threshold width of the bar were made.

The operator started the recording spparatus, and ssveral determi-
The subject then bit

tne biting board of the exposure device and the fixation point steadilr whiie the operator
turned on the motor which drove the cam that gives a 3-gecond eaposure,

cossation of the flasn or the record.
fixated the fixation polnt. The cperator,

of the bar on the recording apparatus,
of the bar returnid tz normal.

He marred the
The subject then moved back over tc the major in-

strument for measuring the threshold width of the black bay, bit the biting board, ard than
starting ¥iih the small-at width of the bar,

and after the effacts of this {lash ixatch had worn off, the procedure war repeated using a

32° flash patch,

The results (Fig., 17) indicate that the effect produced is somew
Insofar as the results do differ for flash patches of differ-

with the larger flash patches.

-at more pronounced

ent size they are in variance with the results previcusly described. Eye movementa and
the role played by :he bords:r of the positive after-image might zccount for part of this

discrepancy.,

G, Tle Effect of a Flash Paich in the
_Cese of a Test Patch with a Lower
Background Brightness thea 0.01
Miuillambert,

It wes intended at thz ouisst of this
investigation to explors thes effects of
hright flashes using a beckground bright-
ness of 0.0002 millilambert and a 32 mm
artificial pupil., However, in exploratory
experiments dealing with this problem, it
was soon discovered that in the case of
three subje~ts not even the &§° test patch
could be ditferentiated from its dark back-
ground at this low level of brighiness. The
question remaired, however, as to what is
the lowest level of brighizuess at which
visual acuity measurements can be made,
and whether it takes any loager to recover
from a flash of light at this lowest level
as compared with a background of bright-
ness of 0,01 millilambert, In order to
study this phase of the problem and in or-
der to determine the lowest level at which
visual acuity messurementa might he made,
the following experiments ware performed.

Subject L.Z, was dark aaaptsd for
30 minutes and then exposed to a flash
patch superimposed upon the test patch for
one gecond. The brightness of this flash
patch was such as t{o produce a retinal il-
lumination of 14, 700 trolands. Following
the flash, the recovery of visual acuity was
measured in the normal manner using a
background hrishimass producing 0, 107
troland. The only deviation from the usual

graca-
ally increased ne width of ihe Lsr until tha bar became visible and then recorded the size
This process was repoated until the threshold widtn
Tiie experiment was thax repecisd using a 16° flash patch,
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prccedure was that 8 ane-mm
vurtical line was used which
provided & range of visua! an-
gles from « to 64 minutes,
When it appsared certain thet
the visual acuity had reached
a coasiani ievel, the Lright-
ness of the test fieil was
dropped by meane of a var:ac
tc 2 brightness lgvsl preducing
0.049 troland and a series of
visual acuity measurements
were made to trace the pro-
cess of dark adaptation ¢c this
lower level, After the visual
acuity measurements had
leveles off at this brightness
level, the brightness was drcpped Y I I U § S N L WP | Y P N P IO
again to a level producing 0, 024 ) 10 Lo 3o
troland snd another series of
visual acuity measurements was TIME  (MINUTES)
e 1o S e BRI Al g it
s {2 ) - -—C:.
at brightness levels producing ﬂ‘ﬁﬁ:z i;.“. ateseie with the Teat B ea R'tieh Predaces o Retinel
0.011 troland and 0. 005 troland.
At this last ievel noi ¢ily was the bar invisible but alsc its baskground could net b3 Sif-
ferentiated from the surround. Following this the brightness was raised back apm through
the same steps to the level of 0,107 troiand acd at =ach lavel a series of threshold widths
was determined, The daia for this expsriment are plotted in Fig, iB8A.

L 4

J auu*cr Jz. !

n [ ]

.‘,1

"ﬁ

L* Ol
L0049
I,* 107

l,o0 024

[ ]
o

LOG. WIDTH OF BAR (NIN)
°
—
Ig 407 TROLANDS
1 04
—~
} L"024
,* on

The same sort of experiment was carried cut for subject ¥, H., excspt that following
the 30 minutes of dark adnpution. the bright flash was omitted and the subject proceeded
immediately to make & seriez of visual scuity msasurements at a retinal iliuminance level

5 |
- 30} SUBJVECT RR. | r
X M
N { g Y P “a"' &
E & g ° . n.. . - g ~
b ° .
m 29 Ll v e % o o
= - ® oL |
w P . 4 . . -~
S A s =,
[ T e S o o
E |° ¢ ... .. a = G ° p
(=) 3 . ° % ° L
— { . o
x N 4 .
r ... °®
O SPYysse
o ]
=l | ljlllllllllj‘A_LLJL4l e AlL:JlnLl U | PR
(] 8 10 18 20 30 40

TIME (MINUTES)

43 rn 188. Viisel Acuity Neesuremeats of Vgtuo lchhuu Levele hh ie the Seruence Indicated.
Seciss of Meesurements wee Piocaded Nisutes of Dark Adaptaticn.

LYY




20pes -

of 0,01 troland. Tho remeinder of the experi-
ment was carried ou' in the same way as for the
subjoct L.S. The data are shown in Fig. 18B,

The data for P.H. indicate that when the
level of the retine! illumirnance {s dropped to u
lower level, a short period of time is required to
dark adapt to this lower ievel. Only one instance
of thie sort of thing is found in L. Z,'s record;
namely, whan the level of retiaal {lluminance was
dropped from 0.049 to 0.024 troland, The data
in the second hulf of the experiment for each sub-
ject were analyzed by averaging at ¢aca retinal il-
luminance level the threshold widths of {ie bar and
then plotting these average widths as indicated in

Fig. 18, These data explain why visuil! acuity .o one 0a9 107
measurements cunnot be made &t lower levels of

retinal {lluminance. At a level of 0.005 troland RETINAL  ILLUMINANGE  PRODUGED
the width of the bar can bé extended indefinitely BY THE BACKGROUND (TROLANMDS)

without reaching a threshold vaive. These data
are in agreement wiih tus datz of Hecht and Minrel,
who also used a dark bar on a uniferm background
for measuring visual acuity at low levels of reti-
nal {lluminance.

19. The Bffect of e
ey s s o tect <2 Belhiaees Lavel lpen Bl

THEORETICAL CONSIDERATIONS

A, The Advan s and Limitations of ihe Visual Acuity Method of
Measuring Dark Adaptation,

One feature of this methcd ia that in tracing the course of dark adaptation, the retina
is constantly exposed to the level of retinal illuminance toward which it is becoming adapted.

When the flash is very bright and the duration long, it is not possible to trace the
course of dark adaptetion during the period immedistely following the flash, There is an
upper limit beyond which iacreasing the width of the bar does not improve its visibility,
and this is the thing which limits fundamentally the extent to which the course of dark adap-
tation can be i‘raced by the visual acuity method during the sarly phasss of the process,

In the case of foveal vision, whers the number of ganglion cells in the retina is suf-
ficient to provide each photoreceptor with its own private pethway up the optic nerve, the
blurredness of the retinul image is the primary factor which determines th+ relationehip ba-
tween the width of a bar and its visibility, Howover, in the case cf peripheral vision
where the number of ganglion celis is :much smauller than the number of nhotoreceptors, =2
large rumber of photoreceaptors must converge upon a single ganglion cell and area suinma-
tion can be expected to he a factor.

The data in Figs. 18A and Fig, 18B and in Fig, ! indicate that increasing the width
of the bar uo to 40 minutes of arc improves its visibility,

It would hcve been possible to continue this experiraent by using ber widths exceeding
those :sed and varying the brighiness of the background to measure the threshold. In this
way one could trace the experiment to bar widths which yield constant thresholds.
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At any given level of background brightness this problem could be studied by varying
both the contrast and tha size of the bar,

B. The Form of the Curva ic be Used to Represent the Data,

No attempt hes been made at tiie theoretical level to determine the type of curve
which ocughi (6 T usea .o fit the data chowing tae recovery from a flash, It involves not
enly thc relationship between the photochemical process in the rods and the discharge of im-
pulses, but also the mechanisms of interacticn between the retino-cortical pathwsve which
determines whether a border is seen or simply washed out, It {z 2oped that it will be pos-
sible later to underizic this sort of arslysis of the data,

The probiemn is made somewhat 2asy by the fact that the measurements are all made
with a baclkground brightaess prcducing & retinal illuminance o! 0,00 troland or less, and
at these levels only rods are involved. 8

C. The Use of a Long Narrow Bar for Measuring Visual Acuity.

Attention should be drawn to ths advantage of using a long dark bar on a uniform
tisld. In the firet place, {t makes it easy to assess the role played by spaiizl summation
between the retino-cortical pathways. In the second place, it is easy to ralate the viaibility
of such a test object to the visibiiity of a straizht boraer separating bright and dark wreas,
As a matter of fact, s the width of the bar is increased, the problomn eventually becomes
transformed into cne of the visibility of a border separzting dark and light areas. In the
third piace, the mechanism of interactioa between sstlic-cortical pathways which is involved
in determining the visibility of the borde: is much easisr to visualize anc analyze when a
straight border i5 uiad as compared to & curved one such as is encountersd wiii a circu-
lar test object.

D. The Role Played by Tye Movements.

Eye movements undoubtedly impair the precision of the data in the kind of experi-
ments described above. Under the conditions of these experiments it is very difficult to
maintain steady fixation, and this might cause considerable variation from reading to read-
ing,

E., The Psychophysical Method.

The method employed for meusuring tae threshold, which involves bringing the size of
the target from the sub-threshold width to the threshold of visibilit and which dspends upon
the subject's ability to determine when the bar is at the threshold of visibility, leaveec a
good deal tc be desired. A more effective technique can no doubt be devised, but would re-
juire inore elaborute apparatus 2nd much more time both iu scquiring the data and in ansly-
zing it, 1t was not felt that extreme precision was the major objective, and it is beolieved
that the data »2cquirea do provide satisfactory answers to the problems which were to be
solved.

F, Positive After Images.

A complete theoretical interpretstion of the data in this report nius' inve.ve considera-
tion of ths positive after image produced by the flash as well us the denletion of the avail-
abie pnotcienaitive substance in = s photoreceptors.
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SUMMARY AND CONCLUSIONS

This investigatior. has succeeded in demonstrrting the operation of three basic princi-
ples whichk can be usud in predictiny the effect of 2 {l8sn upon the subsequent ability of an
eyo i0 see dark oojecis againsi a nighi sky backgr’und.

(1) The adaptation of any given part of the ;®tina can be regarded as being independ-

ent of adaptation processes in other parts cf the rotins,
23 Nzslinranity hetwaon timae and intenaiiv o*" be assumed to hold at laaat over a

three-secand interval, :

(3) The effect of a flash diiplaced from thai Part of ine retina which is used in view-
ing an object can be accounted for in terms of strAY “3‘“" The amount of stray light fall-
ing at any given part of the retina can be computed from tne Stiles-Holladay equation.
{Equations 7 and 12),

It is true that the constants and perhaps the form of Equation (7) need to bo iurther
verifled in ordor to give more confidence i the ag® Of this equation for engineering pur-
poses. It is already known that the form of this ¢Quation will have to be modified for small
values of @, It is believed, however, thet & more 9irect method ihan the one used here can
is used for determining thess ccnstante and the bet fOrm of the equation, since this msthed
simply damonstrates the operation of the basic prifciPles at low levels of illuminance,
Therefore, the repetition of thesa particular experients with a lerger number of subjects
hardly appeara to be in order,

The most basic set of data needad for ergine®riig purpooes for the probiem at hand is

the set of data {llustrated (r. Figs. BA, 8B and 8C, Which show the effects of flashes of dif-
ferent brightness and Zuration.

Since it is showan in these figures thai a reciProcity exisis bpetween duration and
brightness. a single ==t of curves such as the top TOW of curves in each figure rapresenting
cffects for various values of IT would sufficz, [t would undoubtedly prove of considerable
value to havs & set of curves which fit the datz o Wwhich can be expressed in terms of
equstions. Such a reduction of the data to a set o equations hag aot yet buun :.ttemptcd.
For engineering purposes it might appear sufficient 8¢ first sight to select curves which fit
the data without reference to the theoretical significénce. The limitstics to such a procadure
is that curves fitted in this way cannot be extrapol@ted vsry far beyornd ‘he actuel conditions
of the experiments, Curves which express basic prirciples give more freedom in this di-
rection,

The data in Figs. 8A, and C apply to a back@round of 0.019‘7 troland. Sets ! curvss
for various values of IT and background brighiness Should be available in order to make
calculations for any level of sky brightness.

The lowest level of background brightness at Which visual acuity measurements can be
made is one which producws approximataly 0.0i trPland of ratinal {lluminance.

In applying dsts ohtaired with dark bars on @ uni(crm backzround to practical situations,
it must be keot in mind that the visual acuity meaPurec by this type of targe: is batter than
that obtained hv almoat any other tvpe of target, (OF @xarple, by a pair of bars or a Lan-
dolt C or a dot, or a letter. Coneequently, albwafcCe for this difference must be mede when
using data obtained with a single narrow har in at:®MPting to predict the effect of a flash °f‘
light upon the visibility of targeis of a more comp'®X configuration. At low leveis of retivel
illuminance, one is concerned primarily with the getection of large objects, and for this pur-
oosa the dats obtained with long narrow bars apply directly.

In this study we have dealt with largs patche® Of brighiness uniformly cistributed iz
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the field of view, or with displaced patcnes which produce an indireci effect through stray
light which {s uniformiy distributed over the retina., If the region of the retina usesd for
viewing an object is previnusly exposed to a finely articulated pattern involving sharp high
contrast borders, this chopped up pattern of adeplation introduces a complication which has
not been considered in :his study.
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